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@ Reciprocating heat exchanger.

@ A heat exchanger for reclaiming energy from an
exhaust airstream (H) includes a porous metal ele-
ment (20) suitable for absorbing heat from the ex-
haust airstream (H), means for reciprocally moving
the porous element (20) back and forth transversely
to the exhaust airstream (M), an inlet duct (8) for
receiving the exhaust airstream (H) and directing it
through the porous element (20) to an outlet duct
(10), and reclaiming air blower means (34) for de-
livering two heat-reclaiming airstreams (R) through
the porous metal element (20), one on either side of
the exhaust airstream (H) for drawing said airstream
(R) through said porous element (20).
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RECIPROCATING HEAT EXCHANGER

This invention relates to air-to-air heat ex-
changers for reclaiming energy from, for example,
the air exhausted from heated or cooled buildings.
The exhaust from a typical combustion furnace or
other heating unit may contain of the order of one
third of the energy supplied to the furnace; thus,
tremendous losses of energy occur unless energy
is reclaimed from the exhaust airstream. Similarly,
in airtight buildings where it is desired to exhaust
foul air to the ambient and pump fresh air into the
building, there is a need for a more effective air-to-
air heat exchanger, to reclaim more of the energy
from the exhaust air.

Efforts have been made to reclaim energy from
exhaust airstreams. The heat recovery wheel, as
described in Energy Conservation Through Heat
Recovery/, published in the 1970s by Northern
Natural Gas Co., passes the exhaust airstream
through one half of a porous heat-absorbing wheel;
incoming air is passed through the other half. The
wheel slowly turns, transferring heat from the ex-
haust airstream to the incoming air. Such wheels
tend to be very large in size and are typically used
in balanced systems where the incoming airstream
has the same volumetric flow rate as the exhaust
airstream (e.g. the airtight building example).

When the exhaust airstream contains undesira-
ble gases such as products of combustion, the
undesirable gases have been purged from the heat
recovery wheel to prevent them from being blown
back into the building with the incoming air. A pie-
shaped purging section at the boundary between
the exhaust airstream and the incoming airstream
has been employed, in combination with pie-
shaped comparimenis in the wheel, to redirect
back through the heat recovery wheel and into the
outgoing exhaust incoming air that flows into the
pie-shaped section.

In general the invention features a heat ex-
changer for reclaiming energy from a first air-
stream, which in some embodiments will be an
exhaust airstream. The exchanger includes a po-
rous metal element suitable for absorbing heat
from the exhaust airstream, means for reciprocally
moving the porous element back and forth trans-
versely to the exhaust airstream, an inlet duct for
receiving the exhaust airstream and directing it
through the porous element to an outlet duct, re-
claiming air blower means for delivering two heat-
reclaiming airstreams through the porous metal ele-
ment, one on either side of the exhaust airstream,
and an air exhaust fan in the path of said exhaust
airstream for drawing said airstream through said
porous element.
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In preferred embodiments, the heat reclaiming
airstreams are so located and the reciprocal move-
ment of the porous element is sufficiently iong that
most portions of the porous element pass twice
through a reclaiming airstream for each single pass
through the exhaust airstream. An exhaust fan in
the exhaust outlet duct draws the exhaust airstream
through the porous element. The porous element is
comparimentalised by transverse barriers, and
means are provided for purging each compartment
of undesirable gases (e.g. products of combustion)
in the exhaust airstream as each compartment
passes out of the exhaust airstream. The porous
element is supported on linear bearings and rods
extending along the direction of reciprocal move-
ment. The invention provides improved energy re-
covery in a compact, easily manufactured, easily
serviced device. The improvements make energy
recovery from exhaust gases suitable for applica-
tions for which prior exhaust gas reclaimers were
impractical, e.g. on the exhaust of overhead heat-
ers in industrial buildings, and on home furnaces.
Alignment and balancing difficulties that can resuit
with the heat recovery wheel are avoided. The
invention can be installed in any orientation
(although power is minimised if the support rods
are horizontal); by contrast, the heat recovery
wheel is installed in a vertical orientation. The in-
vention aiso provides better uniformity of airflow
through the porous member because the compart-
ments can be rectangular; in the heat recovery
wheel, the compariments are pie shaped, and flow
is limited through the narrow portions of the com-
partments near the axis of rotation. The invention
has application in summer as well as winter; en-
ergy can be reclaimed from cooled air exhausted
from air conditioned buildings. The invention also
has application to exhaust airstreams from hospital
environments where it is necessary to purge bac-
teria from the exhaust.

Particularly preferred embodiments include
those having any or all of the following features:

(a) The porous element is compartmentalis-
ed by barriers so that said purging airstream may
be isolated from the reclaiming airstream.

(b) The purging airstream is ambient air.

(c) The purging airstream is a portion of the
reclaiming airstream.

(d) The porous element is compartmentalis-
ed by barriers adapted to prevent air flow through
the porous element in the direction of movement of
the porous element and the first airstream and
reclaiming airstreams are sufficiently separated
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along the direction of movement so that airflow
between the first airstream and reclaiming air-
streams is prevented.

(e) the porous element is compartmentalised
by barriers adapted to prevent air flow through the
porous element in the direction of movement of the
porous element and the first airstream and reclaim-
ing airstreams are sufficiently separated along the
direction of movement so that airflow between the
first airstream and reclaiming airstreams is pre-
vented;

the volumetric rate of flow is greater in the
reclaiming airstreams than in the first airstream;

the first airstream contains undesirable gases
such as combustion gases from a combustion
heating unit and wherein the apparatus further
comprises purging means for directing a purging
airstream through portions of the porous element
emerging from the first airsiream so that the un-
desirable gases will not enter the reclaiming air-
streams; and «

and the reclaiming airstreams flow counter to
the first airstream.

Other advantages and features of the invention
will be apparent from the following description of
the preferred embodiment, in which:

Figure 1 is a perspective view of the pre-
ferred embodiment of the invention.

Figure 2 is a cross-sectional view, somewhat
diagrammatic, taken horizontally through Figure 1.

Figures 3A, 3B and 3C are three diagram-
matic views of three positions of the continuous
chain drive and cam-follower used to reciprocate
the porous metal element.

Figures 4A, 4B, 4C and 4D show diagram-
matically four stages within one full cycle of the
reciprocating porous metal assembly.

Shown in the figures is a reciprocating energy
reclaimer with exhaust inlet duct 8 (6" (15 cm)
diameter) for receiving heated exhaust gases from
a gas furnace or other clean-burning heating unit.
The exhaust gases pass through porous metal
member 20 supported in surrounding frame, which
is divided into twelve identical compartments 24 by
metal partitions 25; each compariment is 1.5" (3.8
cm) wide, 2 7/8" (7.3 cm) deep, and filled with 1.5
oz. (42 g) of a heat-absorbing, porous metal mesh.
The mesh is 2.5" (6.4 cm) wide tubular, knitted
aluminium, crimped at a 45° angle (available from
ACS Industries, Woonsocket, R.l, U.S.A)), and fol-
ded in serpentine fashion inside each compart-
ment. The exhaust gases transfer their heat to the
porous metal member 20, and exit through outiet
duct 10 in which there is located exhaust fan 22
driven by motor 23. The porous metal member 20
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and frame are supported for reciprocating motion
by four linear ball bearing assembles 12, two at
each end (only two of four show in Figure 1), that
ride on linear rods‘ 14.

Movement of the porous member 20 is con-
trolled by gear-drive motor 16, which drives con-
tinuous chain 17 around sprockets-18, 19 (Figures
1 and 3A-3C). Cam-follower 30, which is attached
to chain 17, drives U channel 32, which is securely
fastened to porous metal member 20. As the cam-
follower 30 attached to continuous chain 17 is
driven away from the gear motor, the porous metal
member 20 is moved to one exiremity of its tra-
verse (Figure 3A). When the cam-follower reaches
the extremity of its travel on the chain 17, the cam-
follower repositions itself in the U channel to drive
the porous member 20 in the opposite direction
(Figures 3B and 3C).

Reclaiming air blowers 34 direct reclaiming air
through ducts 36 (3.5 (8.9 cm) wide) into the
porous metal member. The reclaiming air ducts 36
are separated from the exhaust outlet duct 10 by a
plate 38 (1.0" (2.5 cm) wide) in the plane of the
cross section of Figure 2). Another plate 28 (1.75"
(4.4 cm) wide) in the plane of the cross section of
Figure 2) positioned on the opposite side of the
porous member 20 acts as an air barrier, and in
conjunction with plate 38 accomplishes purging of
combustion gases from each compartment prior to
energy reclaim. )

The reciprocating member is divided into
twelve compartment 24 so that each compartment,
as it passes from the exhaust airstream into a
reclaim airstream, temporarily occupies the position
shown at 26 in Figure 2. One side of the compart-
ment straddles the discharge of the reclaim blower
and the exhaust duct, while the other side of the
compartment is sealed off by air barrier 28. As a
result, residual combustion gases in this compart-
ment are quickly and positively expelled by purge
air P moving from the reclaim blower through the
compartment to the exhaust. High temperature sili-
cone seals are instalied around the porous metal
member to prevent leakage between the member
and walis 28, 38. Exhaust fan 22 simultaneously
draws hot exhaust gases into the metal mesh 20
and draws low temperature toxic fumes out the
exhaust flue.

Figures 4A to 4D illustrate the reciprocating
movement of the porous metal member 20. In
Figure 4A the left-most four compartments 24a-24d
are being heated by exhaust gases H. In Figure 4B
these compartments have moved out of the path of
the exhaust gases H; compartments 24a has al-
ready fully passed once through the reclaiming
airstream R, compartments 24b and 24¢ are in the
reclaiming airstream, and compartment 24d is in
the purging position. In Figure 4C all four of com-
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" partments 24a-24d have made one pass through
the reclaiming airstream. In Figure 4D the same
four compartments are making their second pass
through the reclaiming airstream.

All of the compartments, except the middie
two, 24f, 24g, make two complete passes through a
reclaiming airsiream R for each pass through the
heated exhaust gases H. The middie compariments
24f, 24g make a single pass, but they pause while
exposed to the reclaiming air when the porous
member 20 reversed dirsection, thus lengthening
their exposure to the reclaiming air.

Home and industrial combustion heating units
typically exhaust to the atmosphere approximately
one third of all input energy (BTUs or kJ) fed the
heating unit. That lost energy is recovered by pass-
ing reciprocating porous metal member 20 through
the heated exhaust airstream H, and reclaiming the
heat from the porous metal member by passing

reclaiming air R through the member. A positive _

exhaust fan 22 is positioned on the discharge side
of the exhaust airstream (200 cfm (6.0 m/min) for a
100,000 BTU/mour (29 KW) furnace). The front por-
tions of the porous metal member 20 (i.e. the
portions nearest the feed of heated gases) will
absorb virtually all the exhaust heat, and reach a
temperature equal o the temperature of the ex-
haust gases, as the reciprocating porous metal
member 20 passes through the exhaust airstream.
The metal member is then subjected to a high
volume-high velocity (465 cfm or 13 m/min) reclaim
blower forcing reclaiming air R through the porous
member. The reclaiming air causes the tempera-
ture of the porous member on the exhaust side to
be maintained equal to the temperature of the air
discharged by the reclaim blower (typically room
temperature).

The greater the volumetric flow rate of the
reclaim air (as compared to the exhaust), the small-
er the porous member 20 needs to be. It is pre-
ferred that the reclaim airflow for each reclaim
airstream be from 1 to 4 times the exhaust airflow,
and most preferably 2 to 2.50 times. Because the
majority of compartments 24 are exposed twice to
reclaim air for each pass through the exhaust air-
stream, the ratio of total reclaim airflow to exhaust
airflow for these compartments is twice the num-
bers just given, i.e. preferably from 2 to 8 or most
preferably 4 to 5.

The invention allows up to 95% of the exhaust
energy (BTUs or kJ) to be reclaimed from any hot
exhaust stack. Installation requires removing a
small section of the exhaust duct and securely
fastening the remaining ducts to the inlet and outlet
ducts 8, 10 of the heat exchanging apparatus.
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As the hot exhaust gases rise into inlet duct 8,
they are positively drawn through the porous metal
member 20 by exhaust fan 22. This fan has the
capacity to always cause a slight negative pressure
in the hot exhaust inlet duct 8. As the hot exhaust
gas contacts the porous metal member 20, the
heat in the exhaust air dissipates into the metal
member. The metal member is of such porosity as
to not hinder the exhaust fan from maintaining a
negative pressure at the inlet duct 8.

The porous metal member is preferably con-
structed of mesh of such weight and density that
the area and thickness of the mesh directly in front
of inlet 8 has the capacity to absorb all exhaust
heat rising into it. Both reclaim blowers should
have a capacity of counterflowing sufficient air (460
cfm or 13 m/min) to reduce the metal mesh tem-
perature to the reclaim blower discharge tempera-
ture. The porous metal member is preferably cy-
cled at 13 cycles per minute. This frequency is
based on tests which have shown that 10
cycles/minute should occur for every 50,000
BTU/our (5.3 * 104 kd/h) of energy in the exhaust
airstream. For a 200,000 BTU/hour (2.1 x 10° kd/h)
furnace, which sends one third of its energy up the
exhaust flue, the frequency is 13 cycles/minute.

The total weight of the porous metal mesh
traversing through the hot gaseous airstream in any
given period should equal at least the weight of the
air passing through the metal mesh for the same
period. To produce maximum heat reclaim, it is
preferable that the weight of the porous mesh
traversing through the hot gaseous exhaust air-
stream be from one to four times (most preferably
two to four times) the weight of the hot gaseous
exhaust airstream flow for any given period of time.

in operation, the reclaiming apparatus remains
inactivated until an on/off heat sensor 50 located in
the hot air feed duct 8 is heated to 210°F to 240°F
(99° to 116°C) by the furnace turning on (the
sensor would preferably be located closer to the
furnace than shown in the drawing). When this
sensor detects a temperature of 210°F to 240°F
(92° to 116°C), it automatically starts motors 16,
23 and both reclaim blowers 34, thus initiating
reciprocating movement of porous metal member
20, and positive pumping of the exhaust airstream
through porous metal element 20. At the same
time, a normally-closed thermal time-delay relay in
the circuit to the furnace gas valve is activated,
giving the apparatus approximately twenty seconds
in which to raise the pressure in the exhaust duct
10, and thereby close the normally-open contacts
of a pressure switch 52 connected in series with
the gas valve. If the exhaust is not functioning
properly (e.g. because fan 22 or motor 23 are not
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functioning, or flow through porous element 23 is
blocked), the circuit to the gas valve would be
opened resulting in shutdown of the furnace as well
as the reclaiming apparatus.

If gear motor 16 or the reciaim blowers 34 fail,
the resulting high temperatures in the ordinarily
cold exhaust duct 10 will trip a thermal protection
switch (located in the duct and set to trip at 200°F
or 93°C), shutting off electrical power to the fur-
nace gas valve and the reciprocating energy re-
claiming apparatus. The thermal protection switch
54 is of the automatic reset (at 160°F or 71°C)
type. As a safety backup if the thermal protection
switch fails, there is a thermal switch in exhaust
motor 23 that will also trip and shut off exhaust
motor 23, resulting in shut off or both the gas valve
and the reclaiming apparatus. Should any electrical
component have a fault, an electrical fuse built into
the reciprocating energy reclaiming apparatus
would blow, shuiting off the gas valve and appara-
tus.

The safety features can be summarised as
follows:

Shouid any of the three fans or the reciprocat-
ing gear motor fail to function properiy, safety
conirols will automatically shut off the main gas
valve to the gas furnace. -

Should the exhaust fan 22 fail to function, a
pressure switch on the discharge of the fan would
lose pressure, resulting in the main gas valve cir-
cuit being interrupted.

if the reciprocating gear motor 16 fails to func-
tion, there would be no heat exchange, resulting in
the exhaust hot air passing straight through the
mesh heating up the temperature switch located in
discharge duct 10. This swiich which is normally
closed, will open the circuit to the gas valve resuit-
ing in the gas being shut off.

Should either of the reclaim fans fail, this will
result in high temperature air passing into the ex-
haust duct, and will also trip the high temperature
limit switch. This automatic reset limit switch will
trip at 200°F or 93°C.

If the on/off temperature control fails to func-
tion, again the high temperature air would enter the
exhaust duct and trip the high temperature limit
switch. A second safety feature on the on/off con-
trol is the fact that there would be no prassure to
the exhaust pressure switch, and once twenty sec-
onds have past the gas valve would be shut off.

The described reciprocating energy reclaiming
apparatus is simple to fabricate (e.g. it can be
made with 18 or 20 gauge sheet metal and electric
spotwelding). The porous metal member 20 can be
quickly removed for access and cleaning; two
horseshoe clips on either end of the dual traverse
rods 14 are removed, and the rods pulled out
through the linear bearings and framework; allowing
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the porous metal member 20 to drop out easily.
Cleaning of member 20 should ordinarily not be
necessary except at multi-year intervals because of
the continuous exposure of the member to counter-
flowing air currents H, R.

As reclaiming apparatus of the invention op-
erates only when the combustion chamber is fired
(the sensors automatically turn it on and off), the
monetary savings achievable by installing the unit
is between ten to fifteen times the expense of
electricity to operate the unit (primarily to operate
the reclaim blowers 34). These figures are based
on USS$0.10 (ECU 0.12) per kilowatt hour and
US$0.50 (ECU 0.58) per 100M BTU (1.1 GJ). Nor-
mal payback in industry should be between one
and two years, and in domestic installations be-
tween two and three years.

Other embodiments are within the scope of the
claims. For example, other porous, heat-absorbing
materials than the disclosed metal mesh could be
used. The safety controls for turning on the re-
claiming apparatus could differ; another approach,
which is equally as good, and perhaps preferable
over the one earlier described, is to have the
furnace controls integrated with the reclaimer con-
trols so that exhaust fan 22 is turned on before the
furnace gas valve, which is then not turned on
unless pressure switch 52 signals a positive pres-
sure in output duct 10, indicating an unobstructed
exhaust path for combustion gases.

Claims

1. A heat exchanger for reclaiming energy from
a first airstream, said exchanger comprising
a porous element (20) suitable for absorbing
heat from said first airstream,
means (16, 17, 18, 18) for reciprocally moving
said porous element back and forth transversely to
said first airstream,
an inlet duct (8) for receiving said first
airstream and directing it through said porous ele-
ment to an outlet duct (10),
characterised in that the heat exchanger
further comprises reclaiming air blower means (34,
36) for delivering two heat-reclaiming airstreams
through said porous element, one on either side of
said first airstream, and
an air exhaust fan (22) in the path of said first
airstream for drawing said airstream through said
porous element.

2. An apparatus as claimed in Claim 1 wherein
said heat reclaiming airstreams are so located and
the reciprocal movement of said porous element is
sufficiently long that most of said porous element
passes twice through a reclaiming airstream for
each single pass through said first airstream.
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3. An apparatus as claimed in Claim 1 or 2
wherein said porous element movement is along a
straight line.

4. An apparatus as claimed in Claim 1, 2 or 3
wherein said reclaiming airstreams flow counter to
said first airstream.

5. An apparatus as claimed in any one of
Claims 1 to 4, wherein said means for reciprocally
moving said porous element comprises

one or more rods (14) exiending along the
direction of reciprocal movement, and

linear bearing means (12) supporting said
porous element on said rods, said bearing means
providing low-friction, long-wearing support for said
porous element.

6. An apparatus as claimed in any one of
Claims 1 to 5, wherein said porous element com-
prises metal mesh sufficiently porous to pass said
first airstream.

7. An apparatus as claimed in any one of
Claims 1 to 6, wherein said heat reclaiming air-
streams are so located and the reciprocal move-
ment of said porous element is sufficiently long
that, in each cycle of said porous element, most of
said porous element has a longer residence time in
said reclaiming airstreams$ than in said first air-
stream.

8. An apparatus as claimed in any one of
Claims 1 to 7, wherein the volumetric rate of flow is
greater in said reclaiming airstreams than in said
first airstream.

9. An apparatus as claimed in any one of

Claims 1 to 8, wherein said exhaust airstream con-

tains undesirable gases such as combustion gases
from a combustion heating unit and wherein said
apparatus further comprises purging means for di-
recting a purging airstream through portions of said
porous element emerging from said exhaust air-
stream so that said undesirable gases will not enter
said reclaiming airstreams.

10. An apparatus as claimed in Claim 9
wherein said purging means comprises means for
directing a purging airstream uncontaminated with
said undesirable gases along a flow path extending
through said emerging portions of said porous ele-
ment and exiting in said first airstream at the ex-
haust side of said porous element.

10

15

20

25

30

35

45

50

&5

10

LIy



0 260 907

Fl
il
i

= ————

(@)
N
— 9’ =
Q //
o
& 5
)
7
\. T
(o) /
l}_ = 2]
/ oy
n / )
™
(o] N\g-
/ / =
v == &
ANV N
N N 7 N—
N N\ _ T
INS »
o —
e\\ A =
Q2o
DY y—
NS
°///

19 -~ ~ 9 a2 b k] ’
k] k] h] 3 bl
- k] k] k] T 3 1
-~ h 3 k] -
IR RIS ] h I T “a ke e
., Neu eingereicht / iNewly filed
Movohariont 2inoeé i



|

hled

e

reart dAnnsé

icht / Nawiy

2
PR

G

n
P i

venlls
s

Neu eings

0 260 907

a3ad
HIV LOH
WIvI193Y WIv193Y
A983N3 H A9YIN3I
| og-L_]
-
82
n w9 g2
92 |Gl \
\ | I
d - G| —»
o) __Vq . \ , /MN\ \
...h.n ; A / /VN\ AN 4

\ f.r 2
8e
9¢
oc 7
4 4

=R

b ASNvHX3 @100  zg




0 260 907

i eingareicht / Nawly fiied

N ar oy anns Rlmang
— -

1 1
*
b
= 9
i
-




R 4 L} 2
2 - LI} k]
299 9999 9an 94
0 260 907

. i N S
. B N TR T la oo B . . v
i SUeIngoreicnt / Nawly fied

e MR Nareent Canngs Fi
R = LnLhese
~ \ \_IZ‘?O I2‘3‘6‘ [_[Zf'lf'/ [~ 247 24) 24k
J ! ) TT v |
\ B 24:bg Zéd1%4et2i4g .‘541) 20 \‘24;
FIG4A| }
R T R
‘4291\3‘ \_[24d S _[ { I~
- ) 7
2'4'a l24c . { ; \20
FIG4s] + |
| g R
20 R
21‘a \24‘1‘4.4 \ \_I ? J 4 r
Ly | | g
24b 24c i ; l
FIG 4C Hoo
R T R
et e ! 1 € n
\ / —J —
2:;0 ‘éf ; | ‘ \20
FIG4D| [ |




»

LI Y

)

EPO FORM 1503 03.82 (P0401)

European Patent
Office

EUROPEAN SEARCH REPORT

Application Number

EP 87 30 8093

DOCUMENTS CONSIDERED TO BE RELEVANT

Catesor Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (Int. Cl.4)
A |DE-B-1 108 371 (SCHMIDT'SCHE 1
HEISSDAMPFGESELLSCHAFT) s }g;gg
* Claims 1,2; figures 1,2 *
A PATENT ABSTRACTS OF JAPAN, vol. 8, no. 1
216 (M-329)[1653], 3rd October 1984; &
JP-A-59 100 395 (HIROSHI AKASHI)
09-06-1984
A |GB-A- 220 867 , 1
* Page 2, line 90 - page 3, line 7;
figures 1-3 *
A~ |FR-A-2 134 006 (THE GARRETT CORP.) 1
* Page 2, line 32 - page 4, line 21;
figures 1-4,9,10 *
- TECHNICAL FIELDS
SEARCHED (Int. C1.4)
F 280D
F23 L
The present search report has heen drawn up for all claims
Place of search Date of completion of the search Examiner
THE HAGUE 14-12-1987 HOERNELL, L.H.
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly rclevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
A : technological background .
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document




	bibliography
	description
	claims
	drawings
	search report

